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Magerl and colleagues described a more complicated hierarchical classification system (the so-called AO system) based on pathomorphological criteria, which includes 3 broad categories: vertebral body compression as Type A, anterior and posterior element injury with distraction as Type B, and anterior and posterior element injury with rotation as Type C. 21 Due to its complexity, this system can be fairly cumbersome and its practicality for daily clinical use has been questioned by some authors. 24, 44 In addition, this system was found to have only moderate reliability and reproducibility among different spine surgeons. 44 However, despite being imperfect systems, both the Denis model and AO classification system have been used in guiding treatment algorithms. In addition, evaluation of the literature on spinal fractures reveals that these older classification systems are very much part of the vernacular for many clinical studies, despite the advent of newer and more streamlined classification systems such as the Thoracolumbar Injury Classification and Severity Score introduced by Vaccaro et al. 39, 40 The other common setting in which thoracolumbar fractures are encountered is in the elderly population. In particular, osteoporotic vertebral fractures (OVFs) in elderly patients represent a disease entity that differs from traumatic fractures. 7 Given the increasingly aging US population, these fractures will become an even more widely encountered problem. Osteoporotic vertebral fractures can be a great source of pain and disability in elder-
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Traumatic fractures of the thoracolumbar spine are relatively common occurrences that can be a source of pain and disability. Similarly, osteoporotic vertebral fractures are also frequent events and represent a significant health issue specific to the elderly. Neurologically intact patients with traumatic thoracolumbar fractures can commonly be treated nonoperatively with bracing. Nonoperative treatment is not suitable for patients with neurological deficits or highly unstable fractures. The role of operative versus nonoperative treatment of burst fractures is controversial, with high-quality evidence supporting both options. Osteoporotic vertebral fractures can be managed with bracing or vertebral augmentation in most cases. There is, however, a lack of high-quality evidence comparing operative versus nonoperative fractures in this population. Bracing is a low-risk, cost-effective method to treat certain thoracolumbar fractures and offers efficacy equivalent to that of surgical management in many cases. The evidence for bracing of osteoporotic-type fractures is less clear, and further investigation will be necessary to delineate its optimal role. ly patients, as well as a significant societal burden. 12, 33, 35, 36 As with traumatic fractures, efficacious treatment of OVFs with appropriate intervention is critical.
In this review we examine the role of bracing for the treatment of traumatic thoracolumbar fractures as well as OVFs. Familiarity with the relevant literature can prove very useful to the treating physician and can enhance the decision-making algorithm for this patient population.
Bracing for Traumatic Fractures of the Thoracolumbar Spine
Prior to the development of surgical techniques and instrumentation, bed rest and bracing were the only modalities available for treatment of thoracolumbar fractures. Currently there are a number of different surgical approaches and instrumentation techniques for thoracolumbar fractures, yet bracing remains a mainstay in the treatment of many thoracolumbar injuries. When considering operative versus nonoperative treatment for a particular thoracolumbar fracture, the neurological status of the patient is a prime consideration. Nonoperative treatment is rarely a suitable option for patients with a neurological deficit following a thoracolumbar fracture. Unstable fractures such as fracture dislocations, flexion distraction injuries, and severe burst fractures with a retropulsed fragment causing a deficit all warrant urgent surgical intervention. In cases in which the patient has a fixed complete neurological injury, the indication for surgery would be to provide stability and allow for quicker mobilization with relatively little expectation of neurological recovery. In patients with an incomplete injury or a deteriorating neurological examination result, the indications would be to help preserve and regain neurological function as well as stabilize the spinal column.
In the neurologically intact patient, nonoperative treatment becomes a much more viable option depending on the type of fracture and associated ligamentous injury. Fractures of non-load-bearing structures, such as spinous process or transverse process fractures, are stable in nature and surgical intervention is rarely indicated. In the rare case in which a displaced transverse process is impinging on a nerve root and causing a radiculopathy, surgery may be warranted. Otherwise, these fractures can be treated with analgesia with or without bracing for comfort.
Anterior wedge compression fractures are another type of fracture that can be treated without surgery and are commonly treated with bracing for 2 to 3 months (Fig.  1) . The main function of the brace is to prevent forward flexion and to diminish the load on the anterior column and vertebral body. Stabilization of the injured spinal segment promotes healing of the fractured bone and helps to limit pain. After the decision has been made to treat the fracture with a brace, it is essential to obtain standing anteroposterior and lateral spine plain radiographs of the patient while wearing the brace. In rare circumstances there may be some occult instability that is not manifested during supine radiography or CT but is clearly evident upon standing (Fig. 2) . In this scenario, surgical fixation is a necessity. Surgical stabilization should also be considered for severe compression fractures in which there is greater than 30° local kyphosis, greater than 50% loss of vertebral body height, or if there are 3 contiguous levels involved. 29 Flexion-distraction-type fractures, such as Chance fractures, can present with a neurologically intact patient. However, given the highly disruptive nature of this type of fracture, with violation of all 3 columns and in particular a failure of the posterior ligamentous complex in many cases, surgical stabilization is warranted and bracing is not a viable treatment option. Burst fractures can present in a variety of forms that may or may not be amenable to nonoperative treatment (Fig. 3) . Significantly comminuted fractures that could result in poor loading capacity, and fractures associated with spinous process splaying, are generally considered unstable and require surgery. In contrast, burst fractures with less than 25° to 30° kyphosis, less than 50% loss of vertebral body height, and less than 50% retropulsion of bone into the spinal canal can commonly be treated with bracing. 29 Concern for the development of a delayed neurological deficit is partially mitigated by the fact that retropulsed fragments into the canal frequently undergo bone remodeling and result in less canal stenosis over time. 42, 43 A thoracolumbosacral orthotic (TLSO) with at least 3 points of fixation in a position of relative spinal extension can help stabilize the spine and allow for a burst fracture to heal. We advocate treatment with a brace for 8 to 12 weeks with serial standing radiographs obtained every 4 to 6 weeks to monitor fracture healing. Signs of nonoperative therapy failure include a progressive deformity, intractable back pain as a result of kyphosis, or any neurological symptoms that might result from kyphosis or loss of vertebral height.
Controversies in Treatment
The treatment of burst fractures, or AO Type A3 fractures, is somewhat controversial within the literature. Under the Denis classification, this fracture type represents a 2-column injury and therefore can be considered unstable, but there exists a considerable body of literature that supports nonoperative treatment for these fractures. [2] [3] [4] 6, 15, 18, 22, [26] [27] [28] 31, 32, 34, 37, 42, 43, 46 Burst fractures tend to occur at the thoracolumbar junction between T-11 and L-2. This area of the spine represents an interface between a relatively rigid segment of the thoracic spine, which is stabilized by the ribcage, compared with the relatively mobile segment of the lumbar spine. 45 These fractures occur as often as 25,000 times a year in the US and represent approximately 10%-20% of all spinal fractures. 8, 10, 17 In 2003, Wood et al. published a prospective randomized study comparing operative to nonoperative treatment for thoracolumbar burst fractures. 43 This study enrolled 53 patients, with 27 randomized to the nonoperative arm and 26 randomized to the operative arm. Inclusion criteria included an isolated burst fracture verified by plain radiographs as well as CT, no new neurological deficits, presentation less than 3 weeks from the time of injury, age between 18 and 66 years, and no other significant medical comorbidities or history of malignancy. Exclusion criteria included closed-head injuries, open vertebral Based on this standing radiograph, it was decided that she should undergo surgical stabilization. fractures, neurological deficits, disruption of the posterior osteoligamentous complex, and osteoporotic insufficiency fractures. The visual analog scale (VAS), a modified Roland-Morris Disability Questionnaire (RMDQ), the Oswestry Disability Index (ODI), and the 36-Item Short Form Health Survey (SF-36) were used to assess clinical outcomes. 30 Patients in the nonoperative arm were managed with either a body cast or a TLSO with the spine placed in hyperextension for 8 to 12 weeks. Patients in the operative arm were treated with either posterolateral short-segment fusion or anterior fusion with a fibular strut graft. Radiographic parameters included sagittal alignment and degree of canal compromise. Patients were followed up for as long as 2 years after enrollment into the study.
Overall, the randomized study by Wood et al. 43 found no differences in radiographic findings between the operative and nonoperative treatment arms. The operative group had an average fracture kyphosis of 10.1° at the time of admission and 13° at the final follow-up. The average canal compromise was 39% on admission, and it improved to 22% at the final follow-up examination. In the nonoperative group, the average kyphosis was 11.3° at the time of admission and 13.8° at the final follow-up. Average canal compromise at the time of admission was 34% and improved to 19% at the final follow-up. For clinical outcomes the average VAS scores were similar between both groups. On the RMDQ, the nonoperative group reported less disability at the final follow-up examination, with a score of 8.16 compared with 3.9 for the operative group (p = 0.02). The average ODI also favored the nonoperative group, with a final mean score of 20.75 for the operative group and 10.7 for the nonoperative group. The SF-36 scores demonstrated significant differences with respect to physical function (p = 0.002) and role (p = 0.003), favoring nonoperative treatment. No differences in return to work were noted between the 2 groups.
The authors also assessed hospital costs, noting that on average the operative group had longer hospital stays (7.9 days for the nonoperative group compared with 10.7 days for the operative group). A total hospital charge for the operative group was approximately $49,063 versus $11,264 for the nonoperative group. The authors concluded that surgical treatment of thoracolumbar burst fractures showed no substantial benefit over nonoperative treatments. This study represented the first prospective randomized study comparing bracing to surgical treatment for burst fractures.
Post et al. published a series of papers regarding outcomes of nonoperatively treated patients with follow-up of as long as 10 years. [26] [27] [28] Their initial study with 5 years of follow-up consisted of 38 patients, 26 whereas their more recent study included 50 patients who had both 4-year and 10-year data available. 27 The initial study used the VAS, SF-36, and RMDQ as validated outcome measures. This study also included a dynamic lifting test as well as an ergometry test to assess functional capacity as well. They found that 37% of the patients were not able to perform the dynamic lifting test within the normal range. In addition, 40.9% of the patients scored below the lowest normal values on the ergometry test. The mean RMDQ score at 5 years was 5.2, while the mean VAS score was 79. Overall, patients were mildly disabled compared with norms but not significantly so. Finally, only 10% of patients had stopped working as a result of back problems related to their fracture. In their follow-up study, the VAS and RMDQ results were the only outcomes available for analysis. The authors reported at midterm follow-up (average 4.3 years) VAS and RMDQ scores of 74.5 and 4.9, respectively. At the long-term follow-up (average 9.8 years), the VAS and RMDQ scores were 72.5 and 4.7, respectively. The authors concluded that patients treated nonoperatively reached a steady state of disability at approximately the 4-year mark without any further deterioration of function or worsening disability. In addition, the authors believed that given their results, nonoperative treatment was a viable option in treating type A fractures. While not as robust as the randomized trial of Wood et al., the studies published by Post and colleagues did show durability of functional outcome with bracing of thoracolumbar fractures up to a 10-year time point.
The need for bracing or no bracing was also evaluated by Bailey et al. in a prospective randomized multicenter trial. 2, 3 This study included patients with AO Type A3 burst fractures with a kyphotic deformity less than 35°, who were neurologically intact, 16 to 60 years of age, and within 3 days of injury. A total of 96 patients were enrolled in the study, with 47 randomized to treatment with TLSO and 46 randomized to treatment with no orthosis. Patients in the TLSO group were to remain on strict bed rest prior to being fitted with a TLSO and were instructed to wear the brace for at least 10 weeks. Clinical outcomes measured included the RMDQ, SF-36, and VAS. Radiographic outcomes included the Cobb angle of sagittal alignment. Follow-up intervals included 3 months, 12 months, and 24 months after injury.
Five patients required surgical treatment: 2 patients had severe radicular symptoms upon mobilization, and 3 other patients had severe mechanical back pain necessitating stabilization. With these patients excluded, 48 patients received no orthosis and 43 received TLSO. The authors found that at all time points there were no statistical differences detected in RMDQ, SF-36, and VAS scores between treatment groups. The mean RMDQ score was 9.8 for the no orthosis group and 8.7 for the TLSO group at 2-year follow-up. The mean physical component scores (PCSs) of the SF-36 were 36.6 and 39.1 at 2 years for the no orthosis and TLSO groups, respectively, while the mean mental component scores (MCSs) were 50.8 and 52.2 for the no orthosis and TLSO groups, respectively. Average kyphosis was also similar between groups at admission (no orthosis, 14°, and TLSO, 15°), discharge (20° and 18°, respectively), 6 weeks (21° and 21°, respectively), and all other time points. Based on these results, the authors concluded that thoracolumbar burst fractures are inherently stable fractures that can be managed without orthosis.
However, not all clinical studies support the use of bracing over surgery. Siebenga et al. published a multicenter randomized trial in 2006 comparing bracing with posterior short-segment fusion for Type A thoracolumbar fractures. 32 The study enrolled 34 patients, with 16 randomized to nonsurgical therapy and 18 randomized to surgical therapy. The nonsurgical patients were maintained on bed rest for a minimum of 5 days, and then they received Jewett hyperextension orthosis and were instructed to wear the brace for 3 months. Patients in the surgical arm received short-segment posterior stabilization. Patients were again followed up for up to 2 years. The RMDQ and VAS scores were used to assess clinical outcomes. Sagittal Cobb angles were used for radiographic outcomes.
At the time of final follow-up, kyphosis was 19.8° in the nonoperative group and 8.4° in the surgical group (p < 0.0001). For disability, the mean RMDQ score in the nonsurgical group was 8.9, and for the surgical group it was 3.1 (p = 0.030). For pain assessment, the mean VAS score in the nonsurgical group was 61 compared with 81 for the surgical group (p = 0.020). Five patients randomized to surgery experienced complications, 2 of whom had to return to the operating room for wound infection treatment and hardware revision. Three patients in the nonsurgical group had complications, and 1 of the 3 patients developed a severe psychological disorder as a result of her injury. Only 38% of patients in this study who were managed nonoperatively were able to return to work, while 85% of those who were managed surgically were able to return to work. The authors concluded that short-segment posterior fusion was superior to bracing for treatment of burst fractures.
When interpreting the study of Siebanga et al., it should be noted that the RMDQ scores for patients who were treated with bracing were similar to those in the Post et al. and Bailey et al. studies. 3, 28, 32 However, the braced cohort in the study by Wood et al. suffered significantly less disability than the patients treated with bracing in the study by Siebenga et al. 43 In addition, return to work as well as VAS scores in the Siebenga et al. study were also poorer than those reported for the other studies presented above. Radiographically, Siebenga et al. had superior results to those presented by Wood et al. when both surgical cohorts in the 2 studies were compared. Whether the difference in radiographic results has any bearing on the differing clinical results between the 2 studies is important to consider, given the importance of sagittal balance as a driver for pain and disability in patients with adult deformity. 1 Nevertheless, there is a large amount of evidence that supports the use of bracing for the management of burst-type thoracolumbar fractures, and in some studies bracing appears superior to operative treatment. Therefore, bracing should be considered in most neurologically intact patients with burst fractures.
Bracing for Osteoporotic Thoracolumbar Fractures
Compression fractures of the thoracolumbar spine as a result of osteoporotic insufficiency are another common problem faced by spine surgeons. Although according to the Denis and AO classification systems compression fractures are not considered unstable fractures, OVFs encountered in the osteoporotic patient represent a unique challenge in elderly patients with impaired physiology, especially postmenopausal women. Similar to traumatic fractures, OVFs have multiple treatment options such as vertebroplasty or kyphoplasty, or even stabilization with surgery. Most surgeons are reluctant to pursue surgery given the inherent risks in elderly patients with multiple comorbidities. In addition, the pathophysiological etiology of the fracture itself poses unique challenges involving hardware pullout and pseudarthrosis. Cement augmentation procedures such as vertebroplasty and balloon kyphoplasty offer minimally invasive options for treatment of OVFs. These procedures are not without risks, 5, 14, 16, 38, 41 such as cement pulmonary embolism and cement extravasation resulting in neurological compromise.
Hoshino et al. published a report on the impact of conservative treatment in patients with OVFs. 15 The study enrolled 362 patients over the age of 65 years, and the SF-36 and VAS were used to assess independence and pain, respectively. The study used a cutoff of PCS or MCS less than 40 as an indicator for poor physical and mental function, respectively. The study examined 4 cohorts: custom hard brace, custom elastic brace, ready-made elastic brace, and no brace. For the entire study, 71.3% of patients had a PCS less than 40 and 22.9% had an MCS less than 40 at follow-up. Ninety-three patients (25.7%) in the study complained of prolonged back pain at follow-up, and the mean VAS score was 6.67 within this group. In contrast, the remaining 269 patients who did not complain of prolonged back pain had a mean VAS score of 1.78. A multivariate analysis performed by the authors revealed no significant difference for treatment intervention factors, including brace type. The authors did find that middle column injury was significantly associated with an SF-36 PCS score less than 40 (odds ratio 1.86) and having prolonged back pain (odds ratio 1.70). Therefore, the study was unable to identify bracing as a positive modifier of outcome.
Thus there are some limited data on the efficacy of bracing for OVF, yet the treatment role of bracing for this indication has not been studied as robustly as its use in thoracolumbar burst fractures. Unfortunately, none of the randomized studies that evaluated the use of vertebroplasty or kyphoplasty used any standardization in the nonsurgical treatment arms, 16, 41 a limitation reflected in a recent review by Longo et al. 20 The American Association of Orthopedic Surgeons Guidelines for Treatment of Osteoporotic Spinal Compression Fractures were unable to recommend for or against bracing in patients with osteoporotic compression fractures.
11 Only 1 study was quoted in the rationale, and the guideline cites insufficient evidence to show any benefit or harm from bracing for OVF. 25 Therefore, further studies will be necessary to determine the role of bracing in the treatment of osteoporotic compression fractures.
Bracing is not without risks, particularly in the elderly population. Pressure sores from rigid braces can result in decubitus ulcers and subsequent soft-tissue infections. Noncompliance is another issue as many patients may find bracing uncomfortable. Lastly, bracing is associated with other problems such as diminished pulmonary capacity and weakening of the axial musculature. Thus, bracing must be performed for a finite period of time, and patients must be continually observed for any of the aforementioned complications.
Conclusions
Bracing is a low-risk, cost-effective method to treat certain thoracolumbar fractures, and it offers equivalent efficacy as surgical management in many cases. The evidence for bracing of osteoporotic-type fractures is less clear, and further investigation will be necessary to delineate its optimal role.
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